Adhesion and integrin-mediated gene induction in monocytes
Integrins are a family of cell-surface adhesion receptors that mediate both cell-cell and cell-extracellular matrix (ECM) interactions. These receptors are non-covalently associated glycoprotein a @ heterodimers [ 1-31 that are connected to the cytoskeleton via direct binding of the cytoplasmic tail of the P subunit with a-actinin [4] or talin [8] , changes in cytoplasmic Ca2+ concentrations [9] , tyrosine phosphorylation of cellular proteins [ 10,111 and gene expression [ 12-151. Here we describe the adhesion and integrin-dependent activation of transcription factors required for enhanced transcription of inflammatory mediators. The adhesion-dependent transcripts are selectively regulated, some by mRNA stabilization events, still others by translation events.
Transient adhesive interactions with endothelial cells and matrix proteins during extravasation play a critical role in activating monocytes [16] [17] [18] . T o mimic these adhesive events, at least in part, we culture peripheral blood monocytes (PBM) on tissue-culture plastic or on plastic coated with different ECM proteins. Adherence is sufficient to stimulate signalling pathways that result in rapid ( < 30 min) increases in steady-state mRNA levels of several genes associated with inflammation, including those of the cytokines interleukin (1L)-lp, IL-8 and tumour necrosis factor (TNF)-a [ 191. The transcripts of several genes associated with transcriptional control, such as IlcBa [20] , c-fos and c-jun [21, 22] , also accumulate in adherent monocytes. Similarly, expression of these imme- diate early (IE) genes is observed following monocyte adhesion to different ECM proteins, although the patterns of mRNA expression vary with the substrate. For example, monocyte adhesion to fibronectin (FN) leads to the induction of colonystimulating factor (CSF)-1 mRNA at a level greater than that induced during adhesion to collagen (COL) [23] . Macrophage inflammatory protein (MIP)-lP is primarily induced upon adhesion to COL [24] . There is little, if any, constitutive mRNA expression of these IE genes in freshly isolated monocytes. Furthermore, culturing monocytes nonadherently does not result in the induction of adhesion-dependent transcripts.
The PI very late antigen (VLA) integrin family comprises most of the major adhesion receptors for laminin, COI, and FN [2], suggesting that direct stimulation of the VLA receptors could be a sufficient signal for gene induction. Monocytes cultured non-adherently with monoclonal antibodies (mAbs) directed against the common subunit of the VLA integrins generate a pattern of mRNA expression similar to that generated by adherence to plastic. The anti-p,-specific mAb TS2/16 stimulates expression of IL-1 P, IL-1 receptor antagonist (ILIra) and MAD6/A 20 transcripts [25] . Receptor cross-linking is necessary for activation since F(ab'), fragments (but not single Fab fragments) of these mAbs have the same inductive effect as the intact mAb. Results with the F(ab'), fragments further demonstrate that the induced patterns of mRNA can be attributed to direct stimulation of integrins and not of the Fc receptors. In contrast, antibody-mediated cross-linking of the common P2 (CD18) subunit of the leucocyte integrins does not lead to induction of the adherence-dependent IE transcripts [25] .
Recently, using nuclear run-on analyses, we demonstrated that for most IE genes, the adhesiondependent increases in mRNA levels are due to enhanced rates of transcription. Dramatic increases in the transcription rates of IL-IP, IL-8 and TNF-a are seen within 5-15 min following monocyte adherence to plastic (as well as to immobilized FN and COL; A. K. Lofquist [27] . It is conceivable that different transcription-associated signalling events are triggered during actual cytoskeletaldependent adhesion events rather than during direct stimulation of the receptor with antibodies.
Transcription factor activation
The most common way to regulate gene expression in response to extracellular signals is to influence the activity of sequence-specific transcription factors. We propose that the enhanced rates of transcription of IE genes result from adhesion-mediated modulation of transcription-factor activities. Since the expression of several IE genes is controlled, in part, by the activities of nuclear factor (NF) study the sequence-specific binding activities of both NF-KB (p50/p65) and NFKB I (p50/p50). AP-I DNA-binding activities were determined using the human collagenase (coll I ) AP-I enhancer probe [38] . NF-IL6 DNA-binding activities were determined using the human L I B enhancer NF-IL6 probe [39] . The identities of proteins comprising the N F -d , AP-I and NF-IL6 complexes were confirmed using supershifting or binding inhibitory antibodies raised against the appropriate subunits (results not shown).
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-- Haskill, unpublished work). Integrin-dependent adherence does not, however, result in a global activation of transcription factors, since activities of octamer motif-binding proteins (OCT) 1 and OCT 2 do not change [20] . The rapid increase in the activities of these regulatory proteins suggests that new protein was not synthesized, but rather that preexisting factors were modified for enhanced activity. Peak transcription-factor activity closely parallels adherence-modulated increases in transcription, suggesting a causal relationship between these two events.
Transcript stabilization
Transcripts containing AU-rich sequence elements (ARES) are degraded more rapidly than transcripts lacking ARES [35] . As [24] and IL-1B [27] was greatly enhanced following adherence. For example, the estimated stability of the IL-lB message in adhered monocytes (approximately 6 h [27] ), is more than twice that reported for monocytes cultured in the presence of bacterial endotoxin [ 361. In contrast, direct activation of the integrin receptors with antibodies does not lead to the stabilization of any of the IE transcripts. These observations further strengthen the idea that differences exist in the signalling events generated by bona j 2 e adhesion and those generated by direct ligation of integrin receptors.
Translation W e previously reported that adhesion-induced increases in the mRNA do not necessarily lead to the expression and release of an active protein. For example, while adherence results in increased mFWA levels for IL-lB, TNF-a and CSF-1, secreted protein was not detected unless monocytes were treated with LPS [19] or cytomegalovirus [37] . This suggests that translation of these IE transcripts requires additional signalling events. Recently, we have extended these studies and have shown that some of the IE transcripts are readily translated whereas others require the presence of co-stimulators. By Westem-blot analysis we failed to detect intracellular cytokines, including IL-6 or IL-8, in adherent monocytes unless a co-activator, like LPS, was supplied (A. K. Lofquist, J. M. Watson 
